Objectives: To investigate the effect of electrical stimulation of different anatomical variations of sacral surface on early recovery of urinary continence after radical prostatectomy. Methods: Twenty of 53 consecutive patients who underwent prostatectomy by a single surgeon were enrolled in this study. Ten patients were prospectively randomized to two groups; five patients in Sacral foramena stimulation group received postoperative surface electrical stimulation of sacral foramina area while five patients in control group did not received any electrical stimulation. Selection of remaining ten patients depended on sacral hiatus anatomical variations, assessed by plan X-rays. Of the ten patients, five patients with sacral hiatus subtotals were grouped under SHS1 while 5 patients with sacral hiatus totals were grouped as SHS2. Electrical stimulation for each group began 7 days after catheter removal, thrice a week for 8 weeks. Each of the 24 treatment sessions for each group composed of 20 minutes for sacral electrical stimulation. Continence was evaluated at baseline, 4 and 8 weeks using the 24-hour pad test and according to the incontinence section of the International Continence Society questionnaire. Results: After 2 weeks of treatment, the mean leakage weight was comparable between SFS group and SHS1 group while it was significantly lowered in SHS2 as compared to SFS and SHS1 groups. Comparing mean leakage weight at 8 weeks revealed further significant reduction in SHS2 group than in SFS and SHS1 groups. Moreover, percentage of continent patients was highest in SHS2 
Introduction
Urinary incontinence (UI) or urine leakage remains the most common cause of morbidity after radical prostatectomy (RP) in men despite numerous progress made in the surgical techniques [1] . Persistent incontinence negatively affects the post-operative quality of life and is of more concern than erectile dysfunction, especially in older patients [2] . Peyromaure et al. reported that early UI affects 30% to 50% of patients from 3 weeks to 6 months after RP [3] . Post prostatectomy incontinence (PPI) is demonstrated widely, ranging from slight leakage with heavy lifting to continuous or gravitational leakage requiring multiple pads or even a penile clamp [4] . The etiology of PPI is multifactorial. Most cases of incontinence are a result of intra-operative damage to the native urinary sphincters, particularly the intrinsic sphincter component known as intrinsic sphincter deficiency. Besides, bladder denervation during prostatectomy is also a frequent cause of incontinence resulting in impaired detrusor contractility and poor bladder compliance [5] [6] . Prognostic factors for PPI include age, previous bladder surgery, nerve-sparing status, anastomotic stricture, and surgical experience [2] [7] .
Numerous invasive and noninvasive treatment strategies are reported to manage PPI [8] - [15] . Noninvasive treatment predominantly includes physical exercise (i.e. biofeedback, pelvic floor or Kegel exercise) and neuromodulation (i.e. electrical and magnetic stimulations) while invasive treatment is mostly surgical (i.e. collagen injection, male sling and artificial urinary sphincter). Although surgical intervention is the treatment option for persistent and troublesome incontinence, it is typically delayed for at least one year following prostatectomy [15] . Within the first post-operative year of prostatectomy noninvasive methods are preferred. Pelvic floor muscle exercise (PFME) includes behavioral training to increase the strength of pelvic floor. However, the effectiveness of the PFME depends on its instruction method, and recent reports have suggested that the effectiveness would become higher by using the preoperative biofeedback method. Moreover, it can take several months to restore continence and some patients have persistent incontinence despite treatment [16] .
Neuromodulation, using electrical or magnetic stimulation, was developed for urgency and stress incontinence [17] . Electrical stimulation (ES) has been used over several decades in the treatment of various lower urinary tract dysfunctions. Neuromodulation via ES using surface electrodes is the preferred method than implantable electrodes as the former is noninvasive and easy to administer [18] . Various sites for therapeutic application of ES have been studied to treat PPI. Pelvic floor electrical stimulation has been reported as a possible conservative treatment for UI after RP [19] . ES can artificially stimulate the pudendal nerve and its branches to cause direct and reflex responses of the urethral and periurethral striated muscles [9] . Another important and well-established stimulation site is that of the posterior tibial nerve [20] . The posterior tibial nerve is a mixed nerve containing L5 -S3 fibers, originating again from the same spinal segments as the parasympathetic innervations to the bladder (S2 -S4). In ES of sacral roots, the main sites for stimulations are S2 -S4 nerve roots which provide the principle motor supply to the bladder [21] . Specifically the S3 root mainly innervates the detrusor muscle and is the main target of sacral neuromodulation. It has been shown that SSTES has not only an inhibitory effect on detrusor over activity but also an efferent stimulant effect to the pudendal nerve as electrical stimulation to the skin on the posterior sacral foramens of the S2 and S4 was found to change bladder volume and intra-urethral pressure during stimulation [22] . However, the effectiveness of SSTES remains variable.
The anatomy of sacrum is variable from person to person [23] . Moreover, within the sacrum of a person various anatomical sites exist through which sacral nerves pass through such as sacral foramen and sacral hiatus. All the studies reported so far have applied the ES over surface of sacral foramen and investigated it effect in treating UI. None of the reports have studied the surface ES of sacral hiatus in managing UI. We therefore undertook this prospective randomized study to evaluate the effectiveness of SSTES for treating UI in post-RP patients taking into consideration the anatomical variations of sacrum. In this method, skin surface electrodes are applied on two anatomical areas of sacrum, sacral foramena area and sacral hiatus area, to provide stimulation.
Materials and Methods

Population
The subjects included a total of 53 consecutive patients who underwent standard RP at KasrEini Hospitals, Cairo University for clinically localized prostate cancer within December 2011 to December 2012. Exclusion criteria includes prior bladder or prostate surgery, prior urinary or fecal incontinence, neurogenic dysfunction, preoperative history of overactive bladder, psychiatric history or significant perioperative complications. None of these patients received radiotherapy after RP. None of the patient was prescribed anticholinergic drugs or other drugs able to influence urinary continence during the study. In all patients the catheter was removed 7 days after RP.
Treatment
From the 53 consecutive patients who underwent prostatectomy by a single sur-geon were enrolled in this study. Of them, 10 patients were prospectively randomized to two groups; SFS study groups (5 patients) and control group (5 patients) .Patients in SFS group were included in an early sacral foramena surface area electrical stimulation. Patients in control group do not received any stimulation. The remaining 10 patient selection depended on sacral hiatus anatomical variations, assessed by plan X rays and were classified as SHS1 group (5 patients) and SHS2 group (5 patients). Patients in SHS1 group were included in an early sacral hiatus subtotals surface area electrical stimulation while patients in SHS2 group included electrical stimulation of early sacral hiatus totals surface area. All patients signed an informed consent before randomization. In SFS, SHS1 and SHS2 group the treatment began 7 days after catheter removal. This program was performed in all cases by the same therapist. Patients in study groups met the therapist thrice week for 8 weeks. Each of the 24 treatment sessions was homogeneously composed of sacral surface electrical stimulation 20 minutes a day. The Ethics Committee of the Cairo University approved this study.
Patients Were Placed in Supine Position
The stimulator, consisting of a pair of small adhesive electrodes was specially designed for this purpose (Nodoka, Lintec Co. Ltd., Tokyo, Japan). For SHS1 and SHS2 groups, the electrodes was placed symmetrically on the skin surface at hiatus area while for SFS group, it was placed symmetrically on the skin surface over the second through fourth posterior sacral foramens. The parameters of stimulators and duration of stimulation in both groups were fixed as follow; pulse of 30-Hz frequency at 200-μs pulse width and maximal output voltage of 80 V. All patients signed an informed consent before randomization. The Ethics Committee of the Cairo University approved this study.
Outcome Assessment during Estimation of PPI was performed after randomization at baseline i.e. 7 days after catheter removal, during follow-up at 4 weeks and 8 weeks after removing the catheter in all the four groups. Incontinence was objectively assessed using the 24-hour pad test and the number of pads used (primary outcome). Continence was defined as no pad use or a pad weight of 2 gm or less gained during the test).Subjective evaluation (secondary outcome) was made using the incontinence section of the ICS-male questionnaire. Moreover, patients were asked to keep a voiding diary including the number of incontinence episodes, the number and volume of voids and the number of pads used.
Statistical Analysis
In this study, one way ANOVA was used to detect a difference in improvement rates and compare the variables among the four groups. Differences in the proportion of patients in the four groups who were continent at treatment intervals were estimated. Analysis of the risk factors for incontinence (age, prostate volume, nerve sparing technique) was performed and p values less than 0.05 were considered statistically significant. All the analysis was performed using Statistical Package for the Social Sciences software, Version16 (SPSS Inc, Chicago, IL, USA).
Results
Patient characteristics are described in Table 1 . A total of 20 cases were selected from 53 cases and were included in the evaluation. Ten patient selection from total cases depended on sacral hiatus anatomical variations, assessed by plan Xrays; 5 patients with sacral hiatus totalsSHS1, group (Figure 1 ) and 5 patients with sacral hiatus subtotals, SHS2 group (Figure 2) , while the remaining 10 patients were prospectively randomized to two groups; SFS study groups as 5 patients received postoperative surface electrical stimulation of sacral foramina area ( Figure 3 , Figure 4 ) and control group, which did not received any electrical stimulation. The mean leakage weight was comparable within the groups at baseline ( Figure 5 ). All the patients were evaluated for the entire treatment duration (8 weeks) and completed the electrical stimulation sessions. No complications were found in any patients and, in study groups, no patients complained of discomfort or irritation from surface electrical stimulation. Four weeks of treatment significantly reduced the mean leakage weight in SHS2 group (36.2) compared to SHS1 (74), SFS (87.2) and control (114.4) groups. Moreover, the mean leakage weight of SHS1 and SFS groups were significantly lower when compared to control group although no difference between SFS and SHS1 was observed at 4 weeks ( Figure 1 , Table 1 ). Similar to 4 weeks of treatment, at 8 weeks the mean leakage weight was drastically reduced in SHS2 group compared to SHS1 (33.4), SFS (45.8) and control (97.2) group. Interestingly, within SHS2 group the mean leakage weight is reduced by approximately 80% at 8 weeks as compared to 4 weeks of treatment (7.4 vs. 36.2), in SHS1 it is lowered by approximately 55% (33.4 vs. 74) and in SFS group it is decreased by approximately 48% SFS (45.8 vs. 87.2) when compared to 4 weeks. In control group the reduction in mean leakage weight was however only 15% at 8 weeks compared to 4 weeks of treatment ( Figure 2 , Table 1 ).
The rate and time of continence achieved depends on patient age, prostate volume and nerve sparing procedure. No significant differences in patient's age, nerve sparring procedure and prostate volume were observed between the groups (p > 0.05) ( Figure 5 ). Subsequent to 8 weeks of treatment, 20% (1 patient) in SHS2, 40% (2 patients) in SHS1, 60% (3 patients) in SFS and 80% (4 patients) in control groups remained incontinent as analyzed by 24-hr pad test data mentioned in ICS-questionnaire (Table 2) . Hence, the objective continence at the end of the treatment (8 weeks) after randomization was 80% in SHS2, 60% in SHS1, 40% in SFS and 20% in control groups (Table 3, Figure 5 ). Together, these data suggest that ES of sacral nerves via sacral hiatus is more effective in treating early incontinence post-RP than sacral foramena (i.e., urine loss greater than 2 gm). Therefore, the objective continence rate 8. 
Discussion
Compromised quality of life is the main drawback of PPI. Treatment regimen which causes early return of the continence in post-RP patients is desirable. We found that electrical stimulation of sacral nerves by surface stimulation has variant effect on the degree of continence achieved when applied at different anatomic sites in patients who had undergone radical prostatectomy by single surgeon. Urinary incontinence was lowest when therapeutic surface electrical stimulation was applied at sacral hiatus totals, followed by sacral hiatus subtotals and sacral foramina respectively compared with control patients who did not received any stimulation. Therefore, our results indicate that application of SSTES via sacral hiatus area as a promising approach to treat early UI in PPI patients.
Although numerous noninvasive procedures exist for treating PPI (PFME, Figure 5 . The difference of mean leakage weight between groups at different time of treatment shows the percent of continence in different groups at different time of treatment Pruritus (n) 3% (9) 2% (6) Nause (n) 6.8% (22) 5% (16) Respiratory depression (n) 0% (0) 0% (0) biofeedback, neuromodulation by either magnetic or electrical stimulation), the beneficial effect of these methods in managing the UI is debatable [8] - [15] .
Moreover, number of patients achieving continence by adopting different treatment regime was after a long time (6 months or more) post surgery, which would in turn affect the quality of life. Besides, the efficiency of treating UI was variable in all the studies which would be due to lack of standard and homogenous procedure and categorizing the patients. Sacral surface therapeutic electrical stimulation (SSTES) is a neuromodulation technique which has been used treat UI [18] . In RP patients, Nakagawa et al., reported that applying SSTES one day after surgery led to significantly larger mean void volume and significantly lower urine loss ratio as early as on day 3 as compared to control group which did not received any stimulation [24] . In another study, Morihiro et al., demonstrated that in laproscopic-RP patients application of SSTES combined with PFME showed higher continence percent as compared to only PFME group at 6 months (85%vs 57%) [25] . Interestingly, recovery rate of UI in SSTES group was 100% vs. only 64% in control at 12 months. Together, these studies concluded that SSTES is safe and an effective treatment for early recovery of UI after RP.
However, one of the studies has analyzed the efficiency of the SSTES at a very early time point (3 days post-surgery) with no data for a longer time point, while in another study, the effect was analyzed at longer time point only (6 and 12 months). Furthermore, immediately post-surgery, urodynamic assessment of incontinence involves invasive procedures and doesn't correlate well with the subjective outcome. Rather, daily pad usage corresponds better with actual leakage than does the urine loss ratio daily pad usage corresponds better with actual leakage than does the urine loss ratio [8] . Therefore, we studied the effect of SSTES on mean leakage weight (24-hour pad test) and percent continent patients as early as 4 weeks (1 month) and 8 weeks (2 month) after catheter removal post-
RP.
Many studies have reported the efficacy of stimulating sacral nerves in treating UI arising due to various reasons [18] [24] [25] [26] [27] . Stimulation of sacral nerves by implanted electrodes has shown to be more efficient in treating incontinence than surface electrodes [18] . However, it is commonly associated with pain and post-operative infection. On account of the noninvasive nature and absence of pain or irritation, the surface electrodes are preferred over implanted electrodes. So far only two studies have reported the effect of SSTES in treating UI after RP [24] [25] . In both the studies SSTES electrodes were placed symmetrically on the skin surface over the second through fourth posterior sacral foramens. Surface electrical stimulation to the skin over sacral hiatus has not yet been investigated. Hence the current study investigated the effect of electrical stimulation of different anatomical areas of sacrum including sacral hiatus and sacral foramen on early recovery of urinary continence after RP. Sacral hiatus is the inverted U-shaped space opening at the inferior end of the sacral canal and is mainly of two types, sacral hiatus subtotals, where sacral hiatus open from S1 to S3 and sacral hiatus totals, where sacral hiatus open from S1 to S5. Normally, fifth sacral nerve passes though sacral hiatus. However, in some instances the due to lack of complete closure of S4, fourth sacral nerve can also pass though sacral hiatus [28] . This indicates that longer the length of sacral hiatus more the number of sacral nerves passing through it. Furthermore, sacral hiatus is covered only by skin, a subcutaneous fatty layer and the sacrococcygeal membrane [29] . Together these anatomical variations render sacral hiatus a favorable site for surface electrical stimulation. Our study is the first report of sacral nerve stimulation by placing the electrodes on skin over sacral hiatus. Furthermore, we also analyzed the effect of the anatomic variations on the sacral hiatus on the efficacy of sacral nerve stimulation. Interestingly, stimulation of sacral nerve via sacral hiatus was successful in lowering the incontinence to a larger degree compared to sacral foramen. Additionally, stimulating sacral nerve via sacral hiatus total was even more efficient in lowering the UI as compared to sacral hiatus subtotals. On the other hand, patient age, prostate volume, and nerve sparing had no significant impact on recovery rate.
Electrode location and stimulus intensity are important factors affecting sacral nerve stimulation. Takahashi et al., indicated that minute changes in electrode location caused considerable apparent changes of urethral pressure [30] . Furthermore, enough stimulation intensity is needed to obtain reliable effects of sacral nerve stimulation [18] . However, pain and irritation caused by higher stimulus intensity are considered the main flaws of the procedure. In our study, usage of X-rays for identifying the sacral hiatus anatomy/sacral foramena also aided in identifying there exact location. Moreover, throughout the study all the patients were uniformly subjected to surface electrical stimulation of pulse frequency 30-Hz at 200-μs pulse width and maximal output voltage of 80 V for 20 minutes a day. This procedure was repeated thrice a week for 8 weeks. With this stimulus intensity we observed a significant gain of continence in all the three treatment groups. Besides, during the complete treatment session none of the patients complained about the pain or an irritation suggesting the stimulus intensity was effective enough to drastically reduce the UI without provoking any pain or irritation. Nevertheless, present study has several constraints. In our study very few patients were enrolled. Moreover, our study is not controlled as it lacks the placebo effect. One of the disadvantages of the neuromodulatory approach is the short carry-over effect [24] . Our current study lacks the evaluation of long term effect of the treatment regimen in maintaining continence for which follow up of the patients is required. Moreover, the optimal duration of SSTES remains to be elucidated. Nevertheless, the results show the possible therapeutic role of SSTES in the early phase of recovery of urinary function following RP.
Conclusion
We investigated the effect of surface electrical stimulation on different anatomical variations of sacral surface on early recovery of urinary continence after RP. Sacral surface stimulation appears to be effective for early recovery of urinary continence after surgery. Specifically, sacral hiatus surface stimulation provides better sacral nerve stimulation as the continence level is much higher. Nonetheless, this way of stimulation is recommended only in patient with short hiatal crest (subtotal sacral hiatus) or with lost hiatal crest (total sacral hiatus) but in patient with complete hiatal crest, sacral foramena surface stimulation should be the treatment of choice. A randomized controlled trial with large study population is essential to confirm these results.
